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ABSTRACT 
Controlled vocabularies and standardized coding systems play a 
fundamental role in the healthcare domain. The International 
Classification of Diseases (ICD) is one of the most widely used 
classification systems for clinical problems and procedures. In 
Italy the 9th revision of the standard is used and recommended in 
primary care for encoding prescription documents. This paper 
describes a statistical and terminological study to assess ICD-9-
CM use in primary care and its comparison to the International 
Classification of Primary Care (ICPC), specifically designed for 
primary care. The study has been conducted by analyzing the 
clinical records of about 199,000 patients provided by a set of 166 
General Practitioners (GPs) in different Italian areas. The analysis 
has been based on several techniques for detecting coding practice 
and errors, like natural language processing and text-similarity 
comparison. Results showed that the selected GPs do not fully 
exploit the diseases and procedures descriptive capabilities of 
ICD-9-CM due to its complexity. Furthermore, compared to 
ICPC-2, it resulted less feasible in the primary care setting, 
particularly for the high granularity of the structure and for the 
lack of reasons for encounters. 
Categories and Subject Descriptors 
J.3 [Computer applications]: Life and Medical Sciences – 
health, medical information systems. 
General Terms 
Management, Measurement, Standardization, Languages. 
Keywords: Classification Systems, e-Health, Primary care, 
Terminology, ICD, ICPC. 
1. INTRODUCTION 
Standardized coding and classification systems guarantee 
terminological coherence and unambiguousness, which are 
essential for healthcare information exchange efficiency. The 
amount of clinical information produced and stored every day by 
healthcare providers is useless if it cannot be reused in 
epidemiological studies, research, clinical decision support 
systems, and ultimately in delivering better services to patients. 
Moreover, the use of common terminology standards allows a 
coherent and efficient exchange of data among clinical systems. 
As Hammond and Cimino stated [12], a standard for coding 
patient data is nontrivial because it solves semantic issues related 
to definitions, use of qualifiers, different levels of granularity in 
the data, and synonymy, not to mention the breadth and depth that 
standard is required to have to be as such. Despite multiple 
benefits, two of the most commonly complained problems in 
using existing standards are about the strict terminological 
structure (the majority of medical terminologies are pre-
coordinated hierarchical classification systems) and the level of 
the semantic coverage of the intended domain. As a result, 
standard terminologies are not widely  accepted enough to 
guarantee interoperable exchange of coded clinical information. 
This paper proposes an analysis of the use of an international 
standard for coding diseases in primary care. In particular, it is 
analyzed how and how much the International Classification of 
Diseases (ICD) is used among General Practitioners (GPs) in Italy 
for diagnoses and problems encoding in prescriptions, exploring 
two use cases, Campania Region and the Autonomous Province of 
Trento (henceforth APT), and we compare it to the International 
Classification of Primary Care (ICPC), which is achieving a 
growing success among the health professionals of the domain. 
The attention is focused on ICD and ICPC coverage of the 
primary care domain and on the GPs attitude towards coding. 
The paper is structured as follows: in Section 2 an overview of 
ICD and ICPC is given in order to understand their scope, 
structure and use in the literature; in Section 3 the approach for 
analyzing the use of ICD and ICPC in primary care in Italy is 
presented and an evaluation of the results is shown in Section 4; 
finally Section 5 and 6 present some discussions and conclusions. 
2. MATERIALS 
Primary care terminology is peculiar as it needs to cover all the 
branches of medicine, but it rarely reaches the articulate diagnosis 
expressions proper of a specialist. GPs are the first contact 
between patients and the healthcare system. They know about the 
general health condition of a patient, but to precisely define a 
diagnosis they often require further information. Therefore they 
usually codify a provisional diagnosis, based on symptoms, signs, 
abnormal findings and problems reported by the patient. 
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The semantic coverage of different standardized clinical 
terminologies and classification systems has been evaluated in the 
literature [5], [2]. These studies have analyzed large sets of 
clinical terms submitted in a controlled research environment or 
extracted from Electronic Health Records (EHRs), aiming at 
evaluating the completeness of clinical vocabularies in a variety 
of fields (such as diagnoses, findings, and procedures). Using 
similar methods, other works have specifically evaluated 
Systematized Nomenclature of Medicine - Clinical Terms 
(SNOMED-CT), Unified Medical Language System (UMLS) and 
the ICD-9-Clinical Modification (ICD-9-CM) coding sets in 
relation to problem lists [18]. Earlier studies have analyzed the 
reliability of ICPC for coding clinical reasons for encounters 
(RFEs) [1] and pointed out that, with respect to ICPC, ICD is not 
a specific and reliable classification system in primary care [23], 
[21], because it does not include for example RFEs and GPs 
interventions codes [11]. In the following subsections the focus is 
only on the ICD and ICPC classifications, giving an overview of 
their structure and purposes and showing some studies on their 
use in primary care. 
2.1 The International Classification of 
Diseases (ICD) 
ICD is widely used by physicians, nurses, researchers, and health 
information managers to classify diseases and other health 
problems including death certificates and health records. It is 
built, maintained and distributed by the World Health 
Organization (WHO) and provides a system of diagnostic codes 
for classifying diseases, procedures and external causes of injury 
or disease. Its original purpose was diagnostic and procedural 
coding for mortality causes statistics, but over the years it has also 
been used to communicate information about healthcare services 
for reimbursement and it was then adapted to vehicle clinical 
information. 
The last official revision of the standard is the 10th (ICD-10) and 
the 11th is a work in progress expected by 2017. In Italy the 9th 
revision of the standard, as modified in the United States, is used 
(i.e. ICD-9-CM), which was translated into Italian in 1997 by the 
Italian National Institute of Statistics (ISTAT) [9], and last 
updated in 2007. It is mandatory for diagnosis encoding in 
hospital discharge forms (Italian regulation DM 26.07.1993), and 
it is also recommended in primary care prescription documents 
[19] and for diagnoses and problems coding in the Patient 
Summary [20]. It is also mainly used for chronic patient tax 
exemptions (Italian regulation DM 329/1999) and for 
reimbursement purposes. In 2013 a work group sponsored by the 
Italian Ministry of Health and composed of the Italian 
Collaborating Centre for the WHO Family of International 
Classifications (WHO-FIC)1 and ISTAT started to work on the 
IT.DRG project, with the aim to develop an Italian electronic 
version of ICD-10 based on the last updates and translation of the 
ICD-10-CM (United States) and ICD10-AM (Australia) revisions. 
The first release of the Italian ICD-10 is expected by the end of 
2015. 
ICD-9-CM is constituted by about 13,000 diagnostic codes and 
3,500 procedural codes distributed on a multi-axial structure. A 
code can be up to six characters long, having major categories 
                                                                 
1http://www.reteclassificazioni.it/portal_main.php?portal_view=p
ublic_custom_page&id=32 
identified by three digit codes, which are designed to include a set 
of similar diseases. 
Analyzing ICD in the light of Cimino’s desiderata [6] reveals 
some weaknesses of the WHO system. Its content is 
predetermined and this is a limitation in the expanding process of 
the branches of the classification tree, which should instead be 
flexible enough to quickly incorporate emerging diagnoses and 
procedures; there is plenty of “Not Elsewhere Classified” or NEC 
codes, which are used as container of multiple and different 
diagnoses whose definition, according to Cimino, could only be 
based on the knowledge of the rest of concepts in the vocabulary. 
These NEC codes are also useless for precisely identifying 
diagnoses and further reasoning on clinical data, because they mix 
up different clinical information.  
In the literature the above mentioned ICD weak points are widely 
discussed [13]. The main types of coding errors observed in these 
studies include misspecification, which is caused by a 
misalignment between reported clinical information and the code 
chosen to represent it, and miscoding, which implies the 
assignment of a broader diagnosis code even when a more 
specific one would be available. Miscoding leads to aggregating 
heterogeneous clinical problems into broader categories, which 
preclude their further use for decision support or detailed 
comparison of patient outcomes. Coding errors and imprecisions 
are sometimes due to lack of attention or omissions both by the 
physician and the patient. If physicians do not ask enough and 
patients do not report minutely, then the risk is to have code 
misrepresentations. Choosing the right code is also a matter of 
experience in using the system, attention and persistence. The 
code accuracy, defined as the extent to which the ICD nosologic 
code reflects the underlying patient’s disease, is usually low [17]. 
Consistency in coding is hard to achieve, also because medical 
terminology is extremely rich in synonyms, acronyms and 
abbreviations and, as a consequence, variance in diagnosis 
description is very high. It is a difficult task for a coding system 
to cover all the possible search keywords that a user can use and, 
consequently, provide the most appropriate diagnostic code. 
2.2 The International Classification of 
Primary Care (ICPC) 
ICPC was developed in 1987 by the ICPC Working Party of 
WONCA, the World Organization of National Colleges, 
Academies, and Academic Associations of General 
Practitioners/Family Physicians, now known more briefly as the 
World Organization of Family Doctors (Wonca), to allow, for the 
first time, healthcare providers the coding of three important 
elements of the health care encounter such as reasons for 
encounter (RFE), diagnoses or problems, and process of care, by 
using only one classification. Problem orientation of the medical 
record and linkage of encounters over time permit classification 
of the episode from the beginning with an RFE to its conclusion 
with a more defined problem, diagnosis, or disease [24]. 
The current revision of the classification is ICPC-2, issued in 
1998; with an electronic version referred to as ICPC2-E released 
in 2000 [16], and updated in 2005 to ICPC-2-R, that is actually 
translated in more than 20 languages. ICPC-2 is updated almost 
every year by the Wonca International Classification Committee 
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(WICC)2, the last version is ICPC-2e-v.4.3, published in 
September 2013. Furthermore, a new revision of the 
classification, ICPC-3, is under development by WICC, which 
will include, beyond some structural changes and terminological 
updates, the SNOMED-CT GP RefSet links to ICPC-2 [22], 
thanks to the collaboration with IHTSDO.  
ICPC-2 is composed of 726 rubrics distributed on a biaxial 
structure that includes 17 chapters, identified by a single alpha 
code, divided into seven components (medical entities, such as 
RFEs, procedures, and diagnoses and diseases), identified by a 
range of two-digit codes that are not always uniform across 
chapters. In ICPC-2 the RFEs (component 1) are distributed 
among chapters, depending on the body system they belong to. 
ICPC-2 components 2 to 6 represent medical procedures and they 
are common throughout all chapters, each rubric being equally 
applied to any body system. Finally, component 7 represents 
diagnoses and diseases, further organized in five subgroups not 
numerically uniform across chapters: infectious diseases, 
neoplasms, injuries, congenital anomalies, and other diseases. For 
example, the rubric corresponding to malignant neoplasms of 
pancreas (code D76) belongs to component 7 (Diagnoses and 
diseases), subgroup Neoplasms, and chapter D (Digestive).  
A technical mapping between ICPC-2 and ICD-10 has been made 
by domain experts in collaboration with WICC-WONCA and 
WHO, allowing GPs to implement ICD-10 as a reference 
nomenclature within the classification structure of ICPC-2 and 
leading to a substantial increase of the diagnostic potential of 
ICPC [23]. This mapping was revised with the publication of the 
ICPC2-E release [16] and it is constantly updated. 
In 2008 the Italian ICPC-2 pager was translated from the English 
version and it is available on the Kith.no website3. In 2010 Italy 
took part in the WICC Ghent meeting and in the same year a 
group of Italian GPs using ICPC founded the ICPC Club Italy 
association4, that in 2011 developed an official Italian version of 
the classification and published the ICPC-2-R book in Italian. 
There have been several attempts, but little progress, in bringing 
ICPC-2 forward in Italy. Over about 54,000 GPs only 300 use 
ICPC for research aims and among these about 30 use it to codify 
the Episode of Care (EoC) and RFEs. Moreover, some GPs have 
developed, in collaboration with small ICT companies, ad hoc 
tools to use ICPC in electronic version both for research purposes 
and the daily coding of EoCs (e.g. Simeba, MediMax2000). 
Finally, in order to allow ICPC users in Italy to share primary 
care medical information with the secondary health care 
providers, a completed ICPC-2-R – ICD-9-CM – ICD-10 
transcoding has been made by ICPC Club Italia members.  
Considering these materials and the previous studies as a starting 
point, the present study aims at both analyzing the reliability of 
ICD-9-CM in the Italian primary care setting and comparing it to 
ICPC to gather the main issues and complaints and propose 
possible improvements and support tools to overcome them. 
                                                                 
2http://www.ph3c.org/4daction/w3_CatVisu/en/aim.html?wCatID
Admin=1098 
3 http://www.kith.no/templates/kith_WebPage____1633.aspx 
4 http://www.icpc-italia.org 
3. METHODS 
The methodology used in this study was defined in collaboration 
with domain experts, particularly GPs and tutors of the school of 
General Practitioners of Trento5, who steadily participated in the 
work table. In order to reach the aim of our study the following 
four-step approach has been chosen: (i) creation of a suitable 
sample of GPs belonging to two different areas of Italy; (ii) 
clinical data extraction from the GPs’ EHR systems; (iii) 
statistical analysis of the extracted data, and in particular of the 
ICD-9-CM coding; (iv) comparison between ICD-9-CM and 
ICPC-2 use and their evaluation. 
3.1 Sample selection and description 
The analysis of the ICD-9-CM system was carried out on EHR 
data of a sample of 162 GPs: 150 from the Campania Region, and 
12 from the APT. These two different areas have been chosen in 
order to have a clear and current representation of the primary 
care setting in Italy: Campania is in the South of Italy and it has 
more than 4.300 GPs and 7 local health authorities; on the other 
hand the APT, placed in the North-east of Italy, has a total of 384 
GPs and only one local health authority. According to these data, 
the two groups of GPs selected to create our sample seem to be 
balanced and appropriated to represent the total number of GPs in 
both areas. Furthermore, in order to have a consistent sample GPs 
have been selected homogeneously according to some features 
like sex, age, number of assisted patients, and EHR system they 
use. Regarding this last feature, the EHR systems used by the 
sample are: Millewin and Medico2000. These systems offer a 
plug-in for performing customizable queries. 
3.2 Data extraction  
After a detailed analysis of the abovementioned EHR systems to 
better understand their data structuring, specific data were 
selected and extracted from the clinical records of about 194,000 
patients (180,000 in the Campania Region, and 13,900 in the 
APT) collected in the years 2010 - 2012 by performing 
customized SQL queries directly into the query tool comprised in 
the GPs EHR systems. Specifically, only diagnoses and 
procedures, which were coded in ICD-9-CM and/or written in 
natural language by the GPs (henceforth free texts), were 
collected from the Problem list field, which is present in each one 
of the EHR system databases. ICD-9-CM codes are associated 
with a descriptive label which aims at representing the clinical 
meaning of the coded disease. Nonetheless, most of the EHR 
systems offer the chance to alternatively describe or further 
specify the clinical problem in allowed free text fields. This 
functionality is usually preferred by GPs. It is important to 
mention that, in order to accomplish with privacy statements, data 
had been previously de-identified through a specific functionality 
provided by the EHR systems themselves. 
3.3 Statistical analysis 
A statistical analysis was conducted to assess the ICD-9-CM use 
and the accuracy level in the extracted set of diagnoses, by using 
Java, on the XML files of the extracted data, and the Statistical 
Package for Social Science (SPSS) software [14]. First the 
number of unique codes used over the total set of ICD-9-CM 
codes and the frequency of use of each code were quantified. 
                                                                 
5 http://www.scuolamgtn.it/istituto/home-page/ 
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Then the compliance of each code assigned to a free text 
diagnosis was evaluated, as well as the level of equivalence of the 
ICD-9-CM Italian labels with the jargon adopted by the GPs to 
describe the same disease in the problem list field. All the 
statistics were measured for each GP to evaluate the deviation 
with respect to the mean value. 
To investigate the level of accuracy in using ICD-9-CM, only the 
three digit codes were considered because they represent codes at 
the highest level of the ICD-9-CM hierarchy and hence the more 
generic ones from a clinical point of view. For each of these 
codes, the associated free text used for describing a disease 
condition was examined to verify if a more specific code (i.e. a 
code with more than three digits) would have been available. In 
particular, the number of times a more specific code was available 
for a given text, say #SC, was divided by the total number of 
occurrences of the codes with a higher level in the coding system 
hierarchy, say #HR. Thus, the percentage level of accuracy, say 
LA, was defined as LA=(1-#SC/#HR)·100. An LA value close to 
100 means that the coding process was accurate compared to the 
given clinical data; vice versa, a high level of inaccuracy is 
detected for an LA value close to 0. 
To allow this analysis, free texts diagnoses have been previously 
processed by using the tool Text to Knowledge (T2K) [7], 
developed by the Institute of Computational Linguistics (ILC – 
CNR) in Pisa (Italy). T2K is an online information extraction tool 
that allows for performing typical text processing and statistical 
analyses (e.g. part-of-speech tagging, normalization, term 
indexing, etc.), that has been tested for the Italian language on 
different knowledge domains, including the healthcare one [8], 
[3]. After that, a terminological and semantic verification was 
performed both by means of matching tools and a manual review. 
This implied an additional manual normalization and cleaning of 
the extracted terms in order to ease the further matching process. 
For instance, articles, conjunctives or prepositions within the 
ICD-9-CM descriptors were deleted (e.g. hyperplasia of prostate 
vs prostate hyperplasia), and the normalization of plural and 
singular forms (e.g. bones cyst vs bone cyst).  
Then, for each code used by GPs in their EHR systems, the 
corresponding ICD-9-CM label was compared to the free text 
written for diagnoses description in order to ascertain the level of 
equivalence between them. The comparison was conducted using 
text similarity measures like the well-known Sørensen–Dice 
coefficient, used in statistics to compare the similarity of two 
samples or also two different text strings. Sørensen's original 
formula was intended to be applied to presence/absence data: 
  
where A and B are the number of species in samples A and B, 
respectively, and C is the number of species shared by the two 
samples; QS is the similarity quotient and ranges between 0 and 
1. 
Possible flaws in the choice of ICD-9-CM codes related to the 
diagnoses and procedures were detected using a workflow-like 
Java-based algorithm, and by turning to a domain expert to 
manually assess the issues detected by the algorithm. From a 
semantic point of view, this part of the study also aimed to 
identify possible differences in the language used by the GPs 
compared to the standardized Italian labels of the classification. 
3.4. Comparing ICD-9-CM and ICPC-2 
As a last step of the approach, it was carried out a further analysis 
by comparing the data extracted in Section 3.2., and in particular 
the corpus of free text diagnoses, to the ICPC-2 coding system, in 
order to measure its coverage of the domain and to evaluate the 
feasibility of its use in primary care with respect to ICD-9-CM. 
To this end, the level of similarity between the ICPC-2 Italian 
labels and the free text diagnoses has been calculated following 
the same methodology described in Section 3.3. In particular, for 
each free text diagnosis it was calculated the similarity to each 
one of the ICPC-2 label, and the ICPC-2 code with the highest 
Sørensen–Dice coefficient was selected as candidate for the 
comparison with the ICD-9-CM code already associated to that 
free text. 
To improve the comparison analysis, steps 1-3 were repeated on a 
second sample of GPs using, this time, ICPC-2 in their EHR 
systems. In particular 4 GPs belonging to the ICPC Club Italia 
association have been selected. They use in the everyday practice 
the MediMax2000 and Simeba EHR systems, specially developed 
to integrate ICPC. This time we extracted data related to a total of 
4,951 patients. This new data set, and in particular diagnoses and 
procedures coded in ICPC-2, has been then compared to the 
previous data set to see, even if on a smaller sample, the power of 
encoding of ICPC-2 with respect to ICD-9-CM and the 
differences of the two systems in terms of terminological and 
semantic coverage of the domain.  
4. RESULTS AND EVALUATION 
The analysis was conducted on a total set of 801,934 diagnoses 
and procedures, gathered from the EHR systems of 166 GPs, and 
distributed as shown in Table 1. 
 
Table 1. Statistics about the two samples. 
 ICD-9-CM Sample 
ICPC-2 
Sample Total Campania 
Region APT 
GPs 150 12 4 166 
Patients 180,000 14,000 4,951 198,951 
Tot. 
diagnoses 750,000 28,742 23,192 801,934 
Coded 
diagnoses 300,000 26,514 15,337 341,851 
Not 
coded 
diagnoses 
450,000 2,228 7,855 460,083 
 
As can be observed, the total amount of coded diagnoses is lower 
than the not coded one, but this result is misleading as it is mostly 
influenced by the high number of diagnoses extracted from the 
Campania Region ICD-9-CM sample. In fact, the APT ICD-9-CM 
and ICPC-2 samples give evidence of a frequent coding attitude. 
Further results in the use of the two classifications are provided in 
the following subsections. 
4.1 Use of the ICD-9-CM codes 
The analysis of the ICD-9-CM sample revealed that about 3,600 
diagnoses codes are used over a set of about 17,000 ICD-9-CM 
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codes (i.e. about 21%). Specifically, Table 2 shows the 
percentage of codes used by GPs for each ICD-9-CM chapter. As 
can be observed, more than half of the codes included in each one 
of the ICD-9-CM chapters is never used, with a peak of 95% of 
never used codes in chapter 15 Certain Conditions Originating in 
the Perinatal Period. Results show that most of the coded 
diagnoses and problems are related to chronic and acute diseases 
(e.g. diabetes mellitus, asthma, bronchitis, migraine, psoriasis), 
while less or never used codes refer to specific diagnoses (codes 
with a higher level of granularity), typical of hospitalization or 
that usually require further analysis by the specialists. 
Table 2. ICD-9-CM used codes per chapter. 
ICD-9-CM Chapter % 
1. Infectious and Parasitic Diseases 14.8% 
2. Neoplasms 26.9% 
3. Endocrine, Nutritional and Metabolic 
Diseases, and Immunity Disorders 45.5% 
4. Diseases of the Blood And Blood-Forming 
Organs 35.7% 
5. Mental Disorders 36.8% 
6. Diseases of the Nervous System And Sense 
Organs 27.2% 
7. Diseases of the Circulatory System 45.2% 
8. Diseases of the Respiratory System 45.3% 
9. Diseases of the Digestive System 33.8% 
10. Diseases of the Genitourinary System 45.0% 
11. Complications of Pregnancy, Childbirth, and 
the Puerperium 7.5% 
12. Diseases of the Skin And Subcutaneous 
Tissue 62.2% 
13. Diseases of the Musculoskeletal System and 
Connective Tissue 30.6% 
14. Congenital Anomalies 23.4% 
15. Certain Conditions Originating in the 
Perinatal Period 5.6% 
16. Symptoms, Signs, and Ill-Defined Conditions 43.3% 
17. Injury and Poisoning 14.4% 
 
Another interesting result is related to the frequency use of ICD-
9-CM codes. The statistical analysis revealed in fact that a small 
set of codes is used most of the times. As shown in Table 3 the 10 
ICD-9-CM most used codes, cover about 50% of the total used 
codes. 
Concerning the code accuracy level, only 7% of the used codes 
have three digits. For these codes, the LA index is about 97%. 
Therefore, we can conclude that higher codes are used advisedly, 
leading to a more generic coding. The majority of the three digit 
codes used by GPs (i.e. about 75%) are related to the following 
common diseases: depressive disorder (code 311), acute 
pharyngitis (code 462), and hyperplasia of prostate (code 600). 
 
Table 3. Top-ten ICD-9-CM codes used in the sample. 
ICD-9-CM code ICD-9-CM English label 
401.9 Unspecified Essential Hypertension 
530.81 Esophageal Reflux 
521.0 Dental Caries 
466.0 Acute Bronchitis 
462 Acute Pharyngitis 
595.0 Acute Cystitis 
799.9 
Other Unknown and Unspecified Cause Of 
Morbidity and Mortality 
789.0 Abdominal Pain 
724.2 Lumbago 
493.9 Asthma Unspecified 
 
By applying the Sørensen–Dice coefficient between the free texts 
used by GPs and the ICD-9-CM labels (see Section 3.3), it was 
found that 2% of the ICD-9-CM codes is associated to a text that 
actually refers to a more specific code. For instance, the code 
V49.8 (Other specified conditions influencing health status) is 
associated to the free text “Condizione di allettamento” (i.e. Bed 
confinement status), whose correct ICD-9-CM code would be 
instead V49.84. Another similar example is the free text 
“Screening per dislipidemia” (i.e. Screening for dyslipidemia) 
coded with ICD-9-CM code V77.9 (Special screening for other 
and unspecified endocrine nutritional metabolic and immunity 
disorders), instead of the more specific one V77.91 Screening for 
lipid disorders. These examples demonstrate that GPs sometimes 
use the most generic code, even if a specific and exact match with 
an ICD-9-CM subcategory exists.  
4.2 Free texts and ICD-9-CM labels similarity 
The evaluation of the level of equivalence through the Sørensen–
Dice coefficient revealed that only 28% of the free texts for 
describing diagnoses is equivalent to the ICD-9-CM labels 
(Figure 1). Therefore, the ICD-9-CM labels are sometimes far 
from the terminology used by GPs for describing diseases. 
 
Figure 1. Similarity between free texts and ICD-9-CM labels.  
The difference between standardized labels and GPs natural 
language could be partially explained by studying the free texts 
corpus, which revealed a massive use of acronyms and 
abbreviations (Table 4), which are not used in the ICD-9-CM 
labels. GPs very often prefer to use a shorter way to quickly 
describe a more complex diagnosis. For instance, the sole word 
acne is generally used to describe a disease condition associated 
to multiple codes, e.g. 680.0 (Carbuncle and furuncle of face), 
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706.0 (Acne varioliformis), 706.1 (Other acne), 995.1 
(Angioneurotic edema, not elsewhere classified). Other examples 
of synonyms or quasi-synonyms (i.e. terms interchangeable only 
in some contexts of a subject field [15]) are: “Artrite” (Arthritis), 
associated with the ICD-9-CM code 716.9 -“Artropatia non 
specificata, sede non specificata” (Unspecified arthropathy); 
“Attacco ischemico” (Ischemic attack), used for “Ischemia 
cerebrale transitoria” (Transient Cerebral Ischemia), code 435.9; 
and “Anemia ferropriva” (Ferropenic anemia) or “Anemia 
sideropenica” (Sideropenic anemia) as synonyms of “Anemia da 
carenza di ferro” (Iron deficiency anemia), code 280.9. 
Table 4. The ten most frequent acronyms and abbreviations. 
Acronym/ 
abbreviation  
Italian English 
ANT anteriore anterior 
AV atrioventricolare atrioventricular 
CR cronico chronic 
DX destra right 
HB emoglobina hemoglobin 
K carcinoma carcinoma 
LC lacero contuso lacerations and bruising 
NDD natura da determinare 
type to be 
determined 
NIA non indicato altrove not shown elsewhere
SN/SX sinistra left 
 
4.3 ICD-9-CM - ICPC-2 comparison 
The evaluation of the similarity between free texts of the ICD-9-
CM sample and the ICPC-2 labels showed that 52 out of 726 (7%) 
ICPC-2 codes have the highest similarity with at least one of the 
free texts. The similarity level of the two corpora is less than 
15%, with a mean value of 9% and a standard deviation equal to 
0,15. Table 5 reports the first ten ICPC-2 codes with the highest 
similarity value between code labels and free texts. Low 
similarity levels could be considered as the evidence that GPs' 
free texts are led and influenced by the ICD-9-CM labels. 
Results slightly change when the data set extracted from the 
ICPC-2 sample is analyzed. In fact, they show that out of a total 
of 23,192 diagnoses extracted from the problem list field, 15,337 
(66%) are coded in ICPC-2. Furthermore, GPs use 474 over the 
total 726 ICPC-2 codes (i.e. about 65%). The most used codes, 
even in this case, are those related to Cardiovascular (20%), 
Endocrine/Metabolic (18%), Musculoskeletal (14%), Skin (7%), 
Respiratory (6%), and Digestive (6%) chapters, thus confirming 
the most common categories of diagnoses already shown in the 
analysis of the ICD-9-CM sample (related to Campania Region 
and APT). It is also worth mentioning the high percentage of 
social problems coded by GPs using ICPC-2 (e.g. depression, 
partner illness, loss/death of partner). The most relevant result of 
this second analysis is that 3 out of 4 GPs considered ICPC-2 
labels clear and complete enough for diagnosis and other 
problems description. As a matter of fact, they did not need to add 
free text descriptions at all. Consequently, in this dataset it was 
found a total of 1,320 free text diagnoses (8% of the total number 
of coded diagnoses) registered only by one GP. Performing the 
equivalence analysis as in Section 3.3. resulted that free text 
descriptions are always adopted for: (i) registering diagnoses that 
are not included in ICPC-2, (ii) using acronyms, and (iii) adding 
specifications (e.g. localization) to the ICPC-2 labels. 
 
Table 5. The ten most similar ICPC-2 code labels to free texts. 
ICPC-2 
code ICPC-2 code label Frequency
Mean 
Dice coeff.
X86 Anormalità di PAP TEST 42.874 0,11 
T89 Diabete insulino dipendente 42.604 0,11 
F74 Neoplasia di occhio/annessi 24.640 0,10 
B25 Paura di AIDS/HIV 15.545 0,10 
A78 Altra malattia infettiva/NAC 13.604 0,09 
K89 
Ischemia cerebrale 
transitoria 
12.547 0,07 
D28 
Limitazione funzionale/ 
Disabilità digestiva (D) 
11.497 0,09 
A77 Altra malattia virale/NAC 10.629 0,10 
A01 
Dolore generale o in siti 
multipli 
6.784 0,00 
B99 
Altra malattia del sangue 
/organo linfatico/ milza 
5.288 0,11 
 
5. DISCUSSION 
This work aimed at assessing the coverage and usefulness of ICD-
9-CM for coding diagnoses and problems in the primary care 
setting, considering EHRs of 166 Italian GPs as a sample. Results 
have been obtained by the quantitative and qualitative analysis of 
the data and to the use of ICD-9-CM and ICPC-2, and by 
applying text similarity measures, and finally introducing a 
comparison between the two classification systems. 
The analysis revealed a high number of diseases coded with 
generic ICD-9-CM codes, practice that could be due to different 
reasons. For instance, it is possible that GPs dedicate very little 
time to registering and coding clinical data, thus the coding 
scheme hierarchy is not adequately explored by looking for the 
specific code, and therefore the most generic and suitable three 
digit code is selected. Although the primary obligation of the GPs 
is patient care, most of them are not yet willing to change their 
habits by dedicating more time to the coding process, considering 
this practice more as a bureaucratic procedure. Clearly, by 
neglecting the coding process, GPs lose out on the benefits which 
come from the correct and constant registering and coding of 
patient data. However, considering that in years 2010 – 2012 
(here analyzed) healthcare information systems were not yet 
integrated in most of the Italian healthcare providers, and thus that 
data exchange was not yet possible, GPs had no need to generate 
correct, and standardized clinical data, since they were the only 
ones enabled to use and analyze them. With the upcoming 
national Electronic Health Record infrastructure (namely 
Fascicolo Sanitario Elettronico)6, Italian GPs and other healthcare 
                                                                 
6 http://www.fascicolosanitario.gov.it/ 
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professionals will be required to codify data in clinical documents 
such as Patient Summary and Laboratory Reports, which have to 
be exchangeable in a interoperable way. 
Looking at the results, one may observe that in many cases the 
coding of diagnoses is constrained. In fact, GPs codify patient 
problems anyway by associating an ICD-9-CM category code that 
is not always completely correspondent to the problem or 
diagnosis, even if this goes against precision. 
As stated in previous sections, many studies have investigated the 
appropriateness of ICD use in the primary care setting and most 
of them highlighted that it could be improved in some of its weak 
points, such as the inflexible structure and the complexity of its 
vocabulary that is far from being compliant to the specificity of 
the GPs language, as confirmed in this analysis. 
Even if the coverage of ICD-9-CM concepts is quite sufficient for 
its use in primary care, the way they are represented is not 
suitable for GPs purposes. Diagnosis descriptions are too complex 
for this initial phase of the healthcare process and this prevents 
GPs from using more specific codes. Nevertheless, ICD was 
created for other reasons and so its structure could hardly be 
adapted to the primary care domain, as it would mean modifying 
its nature. Classification systems in general, and not only clinical 
ones, aim at representing a section of reality in an ordered way. 
So, despite the fact that a disease is always a disease, it could be 
differently classified according to the context of use and to the 
elements it is related with. Therefore, each step of the healthcare 
process needs to be properly represented by dedicated systems. 
One of the possible improvements with respect to the 
abovementioned ICD issues could be moving to an updated 
release of the classification (i.e. ICD-10), as the one currently 
used is obsolete (2007 updates). In many countries ICD-10 is used 
for reimbursement, cause of death reporting and statistics in their 
healthcare system. Some of them have made modifications to 
better adapt it to the national context. The transition to an updated 
version of the classification implies a variety of differences to 
accomplish with: ICD-9-CM has numeric codes instead of the 
alpha-numeric ones of ICD-10, which clearly refer to the chapters 
they belong to; chapters are organized differently; new codes and 
more clinical details have been added to facilitate symptoms 
reporting; it includes clinical mappings to ICPC. 
Regarding the comparison between ICD-9-CM and ICPC-2 and 
the related analyses, as shown in Section 4.3, data extracted from 
the EHR systems of the GPs that use ICPC-2 as coding system 
revealed a high percentage of coded diagnoses and a low level of 
free text diagnoses, differently from what happened in using ICD-
9-CM. This shows that ICPC-2 could be more feasible in primary 
care setting because of its flexibility, its low granularity (ICPC-2 
has less codes than ICD-9-CM and so easier to memorize) and for 
the possibility to also codify problems such as the social ones, 
hardly codeable with ICD-9-CM, as it has not a dedicated chapter. 
This last aspect is confirmed because all the occurrences of social 
problems in the ICD-9-CM sample are written by GPs as free 
texts and are not coded. 
Furthermore, for what concern the similarity between free texts 
written by GPs and the two coding systems labels, as shown in the 
results, both systems do not fully match with the terminology 
used by the GPs. It can be argued that the domain requires a 
technical language, which is especially used in written 
documents, and a more colloquial one, which is proper of the 
spoken language. The latter is used by physicians to take note of 
diseases and problems, because it is easier to be used when there 
is not much time, as usually happens in the GPs everyday 
practice. So, instead of trying to make the two registers closer, it 
would be useful to introduce the use of semantic tools, i.e. 
thesauri, ontologies, etc., to create a bridge to link them, in order 
to preserve their own linguistic peculiarities. Integrating these 
semantic tools in the EHR systems would make easier both the 
use of synonyms, acronyms, abbreviations, etc. by the GPs and 
the coding process. In the last years many studies have been going 
in this direction, trying to create reference terminologies for the 
domain that bridge to international classifications, but also to end-
user lexicons and that preserve physicians and patients languages, 
as in the case of the Italian Consumer-oriented Medical 
Vocabulary (ICMV) [3] and of the Meriterm initiative [4]. 
Mapping of these resources to specialized coding systems, plus 
their representation in Semantic Web languages7, would allow for 
the easy access to medical information and healthcare data (e.g. 
diagnoses, test results, etc.) as well as the facilitated coding of 
clinical data. 
6. CONCLUSIONS 
This paper presents a statistical and terminological study in the 
Italian primary care setting regarding the ICD-9-CM use for 
coding diagnoses, and its comparison to ICPC-2. Results showed 
that GPs of the selected sample do not properly use ICD-9-CM 
mainly because of the complexity (e.g. the high level of 
granularity) of its structure. This is confirmed by the massive use 
of non-specific codes (three digits) for coding diagnoses and the 
addition of further pathology details or synonyms as free texts. 
Some of the limitations in using ICD-9-CM could be reduced 
using the last updates of the classification and by promoting 
specific training sessions on the standard. Furthermore, the 
comparison with ICPC-2 revealed a more accurate use of this 
system in the coding of diagnoses and other problems with respect 
to ICD-9-CM, and a less usage of free texts by the GPs. This 
highlights that using a coding system oriented to primary care, as 
ICPC-2, eases the GPs coding practice, improving in this way 
data quality. Nonetheless, as both coding systems do not 
sufficiently cover the specificity of the GPs language, the 
development of an ontology-based tool for supporting GPs in 
coding practice is currently being exploited, as it could bridge the 
gap between the two different linguistic registers. 
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